or 5' -nucleotides, indicating it to be a 2' ,3' -cyclic-nucleotide 2' -phosphodiesterase (EC 3.1.4.16). The enzyme had activity withoutmetals, but Mg2+, Ca2 +, Ba2 +, and Mo6+ activated the enzyme reaction.
We reported on the manganese iondependent production of 5'-nucleotidase by alkalophilic Bacillus.^Up to date, phosphodiesterase (2/,3/-cyclic-nucleotide 2'-phosphodiesterase, EC 3.1.4.16) has been found in a number of strains of Escherichia coli,2) Enterobacteriaceae,3) Vibrio alginolyticus,4) and Bacillus subtilis.5' 6) A variety of properties of phosphodiesterases of various organisms have been reported, but little has been reported on phosphodiesterase of alkalophilic microorganisms. Here we describe the extracellular production of phosphodiesterase by an alkalophilic Bacillus sp. depending on manganese ions in the growth medium, and the purification and someproperties of the enzyme.
Materials and Methods
Culture conditions.
A medium with the following composition was used as the standard medium (g/1): MnCl2-4H2O, 0.02; and NaHCO3, 10. The NaHCO3 was sterilized separately. The microorganism was cultured in 50ml of medium in a 300-ml two-tucked flask after inoculation with 0.5 ml of overnight culture at 37°C on a rotary shaker (200 rpm).
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Enzyme assay. Phosphodiesterase activity was measured by the amount of />-nitrophenol released from bis-pnitrophenyl phosphate (BisPNPP) at 40°C in 15 min. The reaction mixture contained, in a total volum of 0.5ml: 0.2ml of0.1 M HEPES-KOH buffer (pH 8.0), 0.01-0.05ml of culture supernatant, 0.1 ml of 10mMBisPNPP, and 0.15-0.19ml of distilled water. The reaction was started by adding BisPNPP solution, stopped by the addition of 0.05ml of 1 N NaOH, and diluted with 3.0ml of distilled water. The absorbance at 410 nm was measured. Oneunit of enzyme activity was defined as the amount of enzyme that released 1 /miol of/>-nitrophenol permin under these conditions.
Cyclic phosphodiesterase and nucleotidase were assayed at 40°C for 15 min by measuring the phosphate liberated from the respective substrates listed in Table IV 
Results
Mn2+ -dependent production ofphosphodiesterase Of the alkalophilic strains isolated in our laboratory, No. A-40-2,10) an alkaline amylase producer, was chosen due to its phosphodiesterase productivity. Phosphodiesterase was found mainly in the culture supernatant and The enzymeactivity was assayed after the culture fluid was dialyzed against water for 5 hr.
The simultaneous addition of 10 mMMn2+ and one of the several cations Mg2+, Co2+, Mo6+ and Pb2+ stimulated the phosphodiesterase production 1.8-fold at most (Table I) repressed phosphodiesterase production slightly or appreciably.
Effects of inorganic phosphate on the enzyme production As shown in Table II, 1mM K2HPO4 increased the enzyme production to a certain extent and 10mMK2HPO4repressed the enzyme production only by 15%.
Purification and molecular weight ofphosphodies terase All purification procedures were done below Each medium contained 10mMMn2+. The enzyme activity was assayed after 24 hr of cultivation. The enzyme activity was assayed after 24hr of cultivation. The gel was stained with Coomassie brilliant blue. Effects of pH and temperature on activity and stability The optimumpH for the enzymeactivity was 7 .5. Figure 3 shows the pH stability. The enzyme was fairly stable over the pH range of 7-ll. The enzyme had an optimum temperature of 40-45°C in the pH 7.5 HEPES-KOH buffer for 15 min of incubation, and had 100% activity at 35°C after treatment for 15min at The enzyme had activity without metals, but Mg2+, Ca2+, Ba2+, and Mo6+ activated the enzyme reaction. EDTA slightly affected the enzyme activity.
Discussion
The extracellular production of a phosphodiesterase by alkalophilic Bacillus was en- hanced by the addition ofa high concentration, 10mM,ofMn2+to the culture medium. Several cations stimulated the enzyme production when added simultaneously with 10 mMMn2 +. Ammonium sulfate was used as a nitrogen source bacause of its efficiency (data not shown). The role of a high concentration of Mn2+, 10mM, in the enzyme production was not understandable exactly, but it may be involved in the triggering of the enzyme synthesis as in the case of^'-nucleotidase.T here has been no report on stimulatory effects of Pb2+ on enzyme production, and it is of interest that high concentrations of Mo6+, 3209 5-20 him, stimulated enzyme production (Table  II) . In many cases, inorganic phosphate was added to the culture media for the production ofphosphodiesterase, indicating that phosphodiesterase is constitutive. In this strain, the Mn2+-stimulated enzyme production was scarcely affected by inorganic phosphate.
The molecular weight of 120,000 was larger than those reported for other phosphodiesterases.1^The optimum pH of7.5 was similar to those of enzymes reported for neutrophilic strains.11}
The thermostability range of pH 7-ll shows a characteristic feature of the enzyme from an alkalophilic strain, although there has been no paper on the pH stability of phosphodiesterases. The optimumtemperature and thermostability data shows the similarity to other phosphodiesterases. Several types of phosphodiesterases were known, and phosphodiesterase of this strain belongs to 2',3'-cyclicnucleotide 2/-phosphodiesterase (EC 3. 1.4. 16) due to its substrate specificity. Cobalt ion stabilized the enzyme at 5°C for a long time (> 1 week), but it was not effective at 40°C.
